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a  b  s  t  r  a  c  t
Vegetable  production  plays  an  important  role  in  the  rural  economy  of  the  Red  River  Delta  (RRD),  Viet-
nam.  Data  were  collected  on present  vegetable  production  in  the  RRD,  with  the  aim  to characterise  the
vegetable  production  in  terms  of proﬁtability,  labour  requirement  and pesticide  use  and  to  evaluate
vegetable  production  for its potential  to increase  rural  household  income.
Three hundred  and  sixty  data  sets  consisting  of qualitative  (planting  and  harvesting  dates)  and  quan-
titative  (yield,  product  price,  material  and  labour  input)  data  were  collected  from  42  different  vegetable
crops  presently  produced  commercially  in  the  RRD.  Variables  were  converted  into  value  (thousand  Viet-
namese  Dong,  kVND)  or days  per  hectare  per  growing  day  in the ﬁeld  (Gday),  enabling  analysis  of data
independent  of  crop  growth  duration.
The income  derived  from  vegetable  production  ranged  from  100  to  400  kVND/ha/Gday.  Labour  input
varied  from  3 to 9  days/ha/Gday.  Proﬁt  increased  with  an increase  in  the  labour input per  growing  day.
Short  growth  duration  crops  required  a higher  labour  input  per growing  day.  The  average  cost  of pesticide
use  was  25.7  kVND/ha/Gday.  Planting  in the summer  season  may  result  in  a shorter  growing  period  as
compared  to  planting  in  the winter  season.  The  range  of  variation  in the data  reﬂects  the  diversity  in
crops  and  cropping  conditions  in the RRD.
The  results  indicate  that  permanent  vegetable  production  has  the  potential  to  substantially  contribute
to  an increase  in rural  household  income  in  the RRD,  while  increased  labour  demand  can  likely be  ful-
ﬁlled  by  the  family  household.  Thereby,  developing  permanent  vegetable  production  systems  may  be a
pathway  for development  of  the  vegetable  production  sector  in the  RRD.
 Roya© 2013
. Introduction
In Vietnam, agricultural potential and market access affect the
conomic development of rural areas. The poverty rate in remote
reas is closely associated with low agricultural development
otential and to lack of access to markets [1]. As crop production
ontributes 77% of the proﬁt from agricultural production (1990-
008) [2], crop production plays an important role in the economy
f rural areas in Vietnam.
Vegetables are important crops in the Red River Delta (RRD) in
he Northern part of Vietnam [3]. In 2008, the rural population of
he RRD was 14 million, constituting 73% of the total population of
his region and earning a living mainly from agricultural produc-
ion [2]. Vegetables are cash crops in the RRD [4,5]. Income from
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vegetable production contributed 83% and 89% of total income from
crop production in peri-urban areas of the capital Hanoi and in rural
areas of the RRD, respectively [5].
However, current cropping systems for vegetable production
in the RRD suffer from drawbacks. Vegetables usually are rotated
with ﬂooded rice, causing unfavourable soil structure and requiring
extra labour for land preparation for vegetables grown after rice [6].
In this rotation, vegetables are grown in the cold season and rice
is grown in the hot season, causing seasonality of vegetable sup-
ply and of consumer prices [3]. When vegetables are grown year
round, land is planted with crops of the same family at high fre-
quencies [7,8], resulting in a high pest and disease incidence of
family speciﬁc pests and diseases. In addition, vegetable producers
plant their crops without having access to market information [3].
The discrepancy in timing between production and demand leads
to vegetables being sold at high prices when demand exceeds sup-
ply, but vegetables are sold at low prices, or may  not be sold at
all, when supply exceeds demand. These negative characteristics
es. Published by Elsevier B.V. All rights reserved.
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Table 1
Data collected per data set on a per ha basis. VND = Vietnamese Dong.
Variable Unit Variable Unit
Planting date day nr Other materials
Harvesting date day nr Bamboo stick VND
Yield kg, bundle, head, tuber, cob Plastic mulch VND
Product price VND Bamboo and plastic for shelter VND
Seeds,  seedlings kg, number Labour
Price of seed, seedlings VND Land preparation day
Fertilizers Sowing, planting day
Amount applied kg Crop protection day
Price  VND Irrigation day
Pesticides Weeding day
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iv) Phuong Vien village, Song Phuong commune, Hoai Duc district,
Hanoi province, where crops with a growth duration of 3 months
or more, e.g., cabbage (Brassica oleracea var. capitata), cauliﬂower
(Brassica oleracea var. botrytis), French bean (Phaseolus vulgaris),
Table 2
Number of data sets obtained from the VEGSYS project (VEGSYS, 2005), by inter-
views and from the Field Crops Research Institute (FCRI), Hanoi.
Source VEGSYS project Interviews FCRI
Survey Report
Year 2002-2003 2006 2006 2005
District (Province)
Gia Loc (Hai Duong) - 17 - 2
Dong Anh (Hanoi) 197 65 - -Amount applied kg, ml  
Price  VND 
Pesticide costs VND
f the present vegetable cropping systems in the RRD call for the
esign of permanent cropping systems that better address physical
egetable production requirements, reduce pest and disease inci-
ence and take into account timing of production and marketing in
 vegetable value chain [3].
Proﬁt, labour requirement and pesticide use are major concerns
f vegetable growers, the government and consumers. With the
overty threshold level deﬁned as a minimum monthly available
xpenditure of 213 kVND per capita, the RRD had a household
overty rate of 9% in 2006 [2]. With a population of 19 million in
006 [2], this implies that the RRD had 1.7 million people living in
overty. To alleviate poverty and to contribute to economic growth
n rural areas, the potential proﬁt of vegetable production there-
ore is a major issue for the government and vegetable producers
like. Vegetable production requires more labour than rice produc-
ion [9]. When intensifying vegetable cultivation or extending the
roduction area, producers have to consider the availability of the
abour required to grow the crops. The use of pesticides not only
as an impact on production costs and labour required for appli-
ation, but especially there is serious concern about the impact of
esticides on the environment and human health [10,11]. The pro-
tability of vegetable production, the labour requirement, and the
se of pesticides, therefore are important variables to be taken into
ccount when designing new vegetable cropping systems.
When taking account of the distance between production areas
nd markets, information on the perishability of a vegetable prod-
ct is needed in the design of cropping systems for vegetables.
ithout cool stores and refrigerated transport, as is the case in the
RD, products with high perishability should be sold within a day
fter harvesting, limiting the distance over which produce can be
ransported from production area to commercial market.
The objectives of the present study are to characterise vegetable
roduction in the RRD in terms of proﬁtability, labour requirement
nd pesticide use and to evaluate the potential of permanent veg-
table production to increase rural incomes. To those purposes data
ere collected on planting and harvesting dates, on the proﬁtabil-
ty of production, on labour requirement and on pesticide use of 42
egetable crops presently grown in the RRD, while the perishability
f the products was ranked.
. Materials and methods
.1. Sources of data
Qualitative (planting and harvesting dates) and quantitative
yield, price, material and labour input) data (Table 1) were
ollected from 42 different vegetable crops presently produced
ommercially in the RRD [7,9,12]. Data were obtained from three
ources: (i) from the VEGSYS project data base [13], (ii) byOther crop management activities day
Harvesting and packing day
interviewing growers, and (iii) from the Field Crops Research Insti-
tute (FCRI), Hanoi (Table 2).
2.1.1. VEGSYS project data
Data were obtained from the data base of the project: ‘Sustain-
able technologies for pest, disease and soil fertility management
in small holder vegetable production in China and Vietnam”, with
the acronym ‘VEGSYS’, which ran from 2002 to 2005 [13]. Data
obtained were collected in 2002 and 2003 in two  villages, Tang My
and Son Du, in the Dong Anh district, Hanoi province (Fig. 1). Annex
1 describes the methodology to assess the duration of growth of the
crop based on course data in the VEGSYS data set.
2.1.2. Interview data
Four peri-urban locations (i-iv) about 30 km from Hanoi, sup-
plying perishable vegetables to Hanoi daily, and one rural location
(v), about 60 km from Hanoi, supplying low-perishable products
to distant markets, were chosen to collect data by interviewing
farmers:
i) Son Du village, Nguyen Khe commune, Vien Noi village, Van Noi
commune, and Tien Kha village, Tien Duong commune, Dong
Anh district, Hanoi province where vegetables are mainly grown
in winter, after two rice crops in the hot season.
i) Vien Ngoai village, Dang Xa commune, Gia Lam district, Hanoi
province, where vegetable cultivation is similar to Dong Anh
district.
i) Quang Trung village, Ha Hoi commune, Thuong Tin district,
Hanoi province, where perishable vegetables, such as corian-
der (Coriandrum sativum), fennel (Foeniculum vulgare), tossa jute
(Corchorus olitorius), ceylon spinach (Basella alba) and lettuce
(Lactuca sativa)  are grown year-round.Gia  Lam (Hanoi) - 13 - -
Hoai Duc (Hanoi) - 7 7 -
Thuong Tin (Hanoi) - 9 43 -
Total = 360 197 111 50 2
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iig. 1. The location of the Red River Delta in Vietnam and the location of the village
ien; 6: Vien Ngoai; 7: Quang Trung; 8: Phu Tho Trai; 9: Buom.
snow pea (Pisum sativum) and tomato (Solanum lycopersicum)
are grown.
) Phu Tho Trai village, Thach Khoi commune and Buom village,
Toan Thang commune, Gia Loc district, Hai Duong province,
which supplies low-perishable vegetables, such as cabbage, wax
gourd (Benincasa hispida), onion (Allium cepa var. cepa) to Hanoi
and other provinces.
Nineteen farm households in Son Du, one farm household in
ien Noi, one farm household in Tien Kha, two  farm households
n Vien Ngoai, 15 farm households in the villages Quang Trung,
huong Vien and Phu Tho Trai respectively and two  farm house-
olds in Buom were chosen by the village’s leader for interviews.
ne farmer in each household was interviewed separately for data
f crops grown by the household in 2005 or in the ﬁrst half of 2006.
nterviews took place from May  to September 2006.
.1.3. Data obtained from the Field Crops Research Institute
FCRI)
Data were obtained from researchers of the FCRI, who  inter-
iewed vegetable farmers in Phuong Vien village, Song Phuong
ommune, Hoai Duc district, Hanoi province and in Quang Trung
illage, Ha Hoi commune, Thuong Tin district, Hanoi province
etween May  to September 2006. Season and growth duration of
he crops were recorded, but not the exact planting date or harvest-
ng dates. Two data sets were obtained from FCRI internal research
eports.
.2. Variables
The information collected was used to calculate the following
ariables: (i) the proﬁtability of the cultivation, (ii) the labour
equirement, (iii) pesticide use, and (iv) growth duration of the
rop in the ﬁeld. Because the growth duration of vegetables may
iffer considerably, in order to be able to compare the crops, the
ariables needed not only to be calculated per unit of area, but also
er unit of time in the ﬁeld. The values, therefore, were converted
o units per hectare (ha) and per growing day (Gday). As there data were collected. 1: Tang My;  2: Son Du; 3: Tien Kha; 4: Vien Noi; 5: Phuong
vegetable crops are grown on raised beds, the unit of area includes
the furrows, which make up about 25% of the area.
i) Proﬁt: Proﬁt was calculated in thousand Vietnamese Dong
(kVND) per hectare per growing day (kVND/ha/Gday). Proﬁt
was deﬁned as gross return minus production costs. Production
costs included costs of seeds or seedlings, paid land preparation
(ploughing), fertilizers, pesticides, and other inputs, e.g., plastic
mulch and bamboo sticks. With the generally small landhold-
ings in the RRD, approximately 700 m2/capita [14], farmers in
the RRD grow vegetables using family labour. Production costs,
therefore, excluded labour costs.
ii) Labour: Labour requirement was  calculated in days (1 labour
day = 8 hours) for a hectare per growing day (day/ha/Gday).
Labour comprised labour requirement for land preparation,
sowing or transplanting, fertilizer application, hand weeding,
irrigation, pest and disease control, other crop management
activities, e.g. hand pollinating and framing, and harvesting and
packaging.
ii) Pesticide use: Most of farmers interviewed did not remember
all of the exact names, active ingredients, weight or volumes of
pesticides used, but all were able to provide data on the costs
of pesticides used. Pesticide use therefore was expressed in
thousand VND (kVND/ha/Gday), assuming a proportional rela-
tionship between costs and amount of pesticides used.
iv) Growth duration: The duration in days between the day of sow-
ing or transplanting in the production ﬁeld and the last harvest
date.
2.3. Perishability
The perishability of crop products was  ranked according to the
scale in Table 3. Under the local conditions of usually high ambi-
ent temperatures and the absence of cooled storage or transport,
most fresh vegetables have a shelf life of up to four days. Some
vegetables, like a number of fruit vegetables, can be kept up to
a maximum of three weeks (21 days). The duration of 180 days
applies to conserved vegetable products, e.g. dried garlic.
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Table 3
Ranking of product perishability.
Perishability class Maximum duration (days) from harvest to selling
1 ≥180
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.4. Deﬁning planting periods
Most vegetable crops in the RRD are planted during certain
eriods of the year only [3]. In order to be able to convert individual
ata sets to data generally applicable for a certain planting period,
rst speciﬁc crop planting periods had to be deﬁned. Based on crop
haracteristics, climate, marketing opportunities and collected
lanting dates, crop planting periods were determined for each of
he vegetable crops. Multiple data sets of one planting period were
veraged.
Temperature, rainfall, sunshine and relative humidity (Fig. 2),
ere taken into account when deﬁning planting periods. For
nstance, vegetables that are grown in both the hot and the cool
eason, but that grow better in the cool–dry season as compared to
he hot - wet season, e.g., Indian mustard, wrapped heart mustard,
ennel, and coriander, were divided into two groups: planted in
pril–August and planted in September–March. Relative humid-
ty was taken into account with crops like shallot (Allium cepa
ar. ascalonicum), garlic (Allium sativum), onion (Allium cepa var.
epa), cauliﬂower (Brassica oleracea var. botrytis) and broccoli (Bras-
ica oleracea var. italica),  as they perform better with low relative
umidity conditions during the harvestable plant part formation
nd the harvesting period.Where relevant, marketability of the product, as evidenced by
igh prices, was taken into account as well. Vegetables grown off-
eason, when the climatic factors are not optimum for growth and
ig. 2. Mean monthly climate data of Hanoi (1996 - 2006). Source: Data of 1996
 1998 are from Lang Ha Meteo Station, Lang Ha Street, Hanoi, Vietnam (unpub-
ished data). Data of 1999 - 2006 are from Statistical Year Book 2000 - 2006 (General
tatistic Ofﬁce, 2001- 2007).nal of Life Sciences 67 (2013) 37– 46
development, often fetch good prices. Crops like cabbage, broccoli,
cauliﬂower and kohlrabi were therefore each deﬁned in an early
crop and a main crop.
2.5. Data analysis
To study the relationships between the variables proﬁt, labour
requirement, pesticide use and growth duration, we used linear and
non-linear regression analysis [15]. Both individual data and data
for planting periods were analysed, to check whether relationships
found in the individual data were maintained in the data for plant-
ing periods. This procedure served as a check on the correctness of
deﬁning the planting periods.
Because both the individual data and the data of the planting
periods on proﬁt, labour requirement and pesticide use were non-
normally distributed (skewness and kurtosis signiﬁcantly differed
from zero), the response data were transformed to square root.
Because the individual data on proﬁt included negative values, they
were subtracted by the lowest (negative) value before transforming
to square root.
To study whether there was an effect of seasonal variation in
temperature and radiation (Fig. 2) on crop duration in the ﬁeld,
we analysed the relation between crop duration and planting day
for one crop (wax gourd), with a sufﬁcient number of year-round
planting data available. Data on growth duration were transformed
to logarithms, to meet the requirement of normal distribution.
3. Results
A total of 360 data sets for growth duration, proﬁt, labour
requirement, and the costs of pesticides used, were collected for 42
vegetable crops, belonging to 13 botanical families (Table 4). Sixty
eight planting periods were deﬁned. The Cruciferae and the Cucur-
bitaceae were the families of vegetables with the highest number
of vegetable crops of which data were collected. According to the
seasonal classiﬁcation for vegetable crops grown in the RRD [3,16],
Cruciferae crops are either winter crops, e.g., cabbage, broccoli, and
cauliﬂower, or year-round crops, e.g., green choy sum (Brassica
rapa var. parachinensis),  Indian mustard (Brassica juncea), Chinese
kale (Brassica oleracea var. alboglabra) and wrapped heart mustard
(Brassica juncea var. rugosa). Except for broccoli and cauliﬂower
grown in their main season, all members of this family had growth
durations less than the average growth duration of 91 days. Except
for Chinese kale and Indian mustard, crops in this family with a
proﬁt above the average (390 kVND/ha/Gday) were either grown
in the early season, such as broccoli and cauliﬂower planted from
September 1 to October 10, or in summer, such as green choy sum
and wrapped heart mustard. Cucurbitaceae crops were all summer
crops. All the crops in this family with a growth duration less than
the average, had a proﬁt higher than the average, except for cucum-
ber planted in September and pear shaped melon. All Solanaceae
crops had growth duration above the average. Except for Sweet
pepper, crops in this family had proﬁts below the average. Lili-
aceae and Umbelliferae comprised winter crops, but coriander and
fennel are grown in summer as off-season vegetables. Among the
small families comprising one or two vegetable crops, the families
Basellaceae, Malvaceae,  Convolvulaceae and Chenopodiaceae com-
prised crops with the lowest pesticide use. Except for green choy
sum planted in April–August and radish planted in August and
September, all crops with a growth duration ≤ 46 days had a labour
input above the average of 8.1 day/ha/Gday.Based on the frequency distribution of the individual data
(Fig. 3), the majority of the vegetable crops had a proﬁt in the
range of 100 to 400 kVND/ha/Gday, required a labour input of 3 to
9 days/ha/Gday, had a cost of 0 to 40 kVND/ha/Gday for pesticide
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Table 4
Duration of growth, proﬁt, labour requirement, cost of pesticide use and perishability class of vegetables cultivated in the Red River Delta, Vietnam, for each planting period (n = number of data sets per planting period; total n =
360;  kVND = thousand Vietnamese Dong; Gday = growing day in the ﬁeld; 2006: 1 U$ = 20 kVND).
Family Crop Planting Growth duration Proﬁt Labour required Pesticide use Perishability
Species  (planted in month-month) period (days) (kVDN/ha/Gday) (day/ha/Gday) (kVND/ha/Gday) class
n  Mean SE Mean SE Mean SE Mean SE
Amaranthaceae
Amaranthus tricolour Amaranth 1-12 1/1-31/12 2 31 0 416.7 51.4 15.2 0.4 14.8 5.8 4
Basellaceae
Basella  alba Ceylon spinach 2-3 1/2-31/3 2 190 53 215.5 50.2 9.9 2.5 3.2 1.9 4
Chenopodiaceae
Spinacia  oleracea Spinach 9-2 1/9-28/2 1 29 467.4 11.7 0.0 5
Compositae
Chrysanthemum coronarium Garland chrysanthemum 9-2 1/9-28/2 5 40 2 410.2 42.3 12.3 1.2 15.0 5.2 5
Lactuca  sativa Lettuce 5 1/5-31/5 1 31 445.9 11.2 10.8 5
Lactuca  sativa Lettuce 9-2 1/9-28/2 2 36 5 317.4 106.7 9.8 1.4 9.4 9.4 5
Convolvulaceae
Ipomoea aquatica Kang kong 2-8 1/2-31/8 2 148 56 195.4 78.4 2.6 1.2 4.6 4.6 4
Cruciferae
Brassica juncea Indian mustard 4-8 1/4-31/8 9 31 0 628.9 45.8 14.6 1.8 42.5 10.5 5
Brassica juncea Indian mustard 9-3 1/9-31/3 6 30 1 436.7 83.2 16.3 1.7 44.6 11.3 5
Brassica juncea var. rugosa Wrapped heart mustard 4-8 1/4-31/8 4 51 5 400.7 140.1 6.8 1.6 6.6 2.0 3
Brassica juncea var. rugosa Wrapped heart mustard 9-1 1/9-31/1 11 58 5 225.5 92.7 5.9 0.9 24.2 4.4 3
Brassica oleracea var. italica Broccoli 9-10 1/9-10/10 2 71 5 586.7 0.1 5.9 0.4 23.1 10.5 3
Brassica oleracea var. italica Broccoli 10-12 11/10-5/12 1 96 294.2 5.2 69.5 3
Brassica oleracea var. capitata Cabbage 8-9 20/8-30/9 3 63 7 533.7 106.0 6.3 1.0 26.7 11.8 3
Brassica oleracea var. capitata Cabbage 10-1 1/10-5/1 5 84 7 138.5 37.8 5.5 1.4 19.3 6.1 3
Brassica oleracea var. botrytis Cauliﬂower 9-10 1/9-10/10 2 76 1 514.4 64.3 8.7 3.2 32.5 1.1 3
Brassica oleracea var. botrytis Cauliﬂower 10-12 11/10-5/12 11 95 3 52.1 41.3 4.1 0.3 19.9 4.7 3
Brassica oleracea var. gongylodes Kohlrabi 7-9 10/7-15/9 7 56 3 327.8 92.1 5.0 0.6 13.8 5.0 3
Brassica oleracea var. gongylodes Kohlrabi 9-2 16/9-25/2 70 69 1 153.2 14.4 5.5 0.4 15.0 1.2 3
Brassica oleracea var. alboglabra Chinese kale 4-10 1/4 -30/10 1 47 726.5 9.2 43.2 4
Brassica oleracea var. alboglabra Chinese kale 11-3 1/11-30/3 1 34 1099.7 11.0 59.7 4
Brassica rapa ssp. pekinensis Chinese cabbage 9 1/9-30/9 1 73 108.3 3.5 62.5 4
Brassica rapa var. parachinensis Green choy sum 4-8 1/4-31/8 13 34 2 394.1 68.9 6.3 1.1 13.1 3.8 5
Brassica rapa var. parachinensis Green choy sum 9-3 1/9-31/3 4 31 4 103.3 27.7 8.8 1.9 9.1 2.5 5
Brassica rapa ssp. chinensis Green pakchoi 8-2 20/8-19/2 8 43 4 600.1 84.2 12.5 1.2 26.7 4.7 4
Raphanus sativus Radish 3 1/3-31/3 2 46 4 682.7 55.0 9.5 1.1 5.2 1.5 3
Raphanus sativus Radish 8-9 20/8-20/9 3 35 4 213.5 47.2 7.2 1.6 10.6 10.6 3
Cucurbitaceae
Benincasa hispida Wax  gourd 2-3 1/2-31/3 5 95 5 352.0 83.2 4.7 0.4 28.2 8.4 2
Benincasa hispida Wax  gourd 4-6 1/4-30/6 23 77 2 407.8 40.2 5.6 0.5 25.5 5.2 2
Benincasa hispida Wax  gourd 10 1/10-30/10 1 93 16.5 0.8 0.0 2
Benincasa hispida Wax  gourd 12-1 20/12-31/1 9 127 9 329.0 67.9 5.0 0.7 13.8 0.8 2
Citrullus lanatus Water melon 2-3 10/2-31/3 2 77 4 423.0 46.0 8.3 0.4 18.9 1.0 2
Citrullus lanatus Water melon 8-9 20/8-20/9 2 64 10 711.9 222.0 10.8 2.1 21.2 1.4 2
Cucumis melo Chinese melon 2-4 7/2-10/4 6 97 6 360.0 59.3 7.3 0.8 51.4 25.9 4
Cucumis melo cv. group Inodorus Pear shaped melon 2-3 20/2-30/3 1 81 366.6 5.7 37.1 3
Cucumis sativus Cucumber 1-4 25/1-5/4 9 90 5 414.1 58.3 8.4 1.1 26.6 4.7 4
Cucumis sativus Cucumber 6 1/6-30/6 1 92 130.0 7.3 3.5 4
42
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Table 4 (Continued)
Family Crop Planting Growth duration Proﬁt Labour required Pesticide use Perishability
Species  (planted in month-month) period (days) (kVDN/ha/Gday) (day/ha/Gday) (kVND/ha/Gday) class
n  Mean SE Mean SE Mean SE Mean SE
Cucumis sativus Cucumber 9 1/9-20/9 2 77 1 301.5 81.6 10.9 2.6 57.6 23.7 4
Langenaria siceraria Bottle gourd 3-6 1/3-5/6 5 120 9 332.7 14.3 6.2 0.7 22.1 5.4 3
Momordica charantia Bitter gourd 2-3 15/2-31/3 3 207 23 261.9 7.7 5.6 0.4 42.4 10.4 3
Momordica charantia Bitter gourd 4-6 1/4-30/6 2 143 8 295.2 29.6 6.2 1.7 33.6 3.4 3
Leguminosae
Phaseolus vulgaris French bean 9-12 1/9-31/12 12 121 7 367.3 36.7 7.2 0.4 29.3 5.2 3
Pisum  sativum Snow pea 11-12 20/11-5/12 1 93 638.5 0.0 6.6 39.2 0.0 3
Vigna  unguiculata spp. sesquipedalis Yard long bean 2-3 20/2-31/3 4 106 12 84.2 27.4 8.7 2.3 27.7 14.7 3
Vigna  unguiculata spp. sesquipedalis Yard long bean 4-8 1/4-31/8 8 94 5 246.5 38.6 6.8 0.6 27.8 8.5 3
Liliaceae
Allium  ampeloprasum var. porrum Leek 3-6 1/3-30/6 3 66 5 389.4 170.6 8.2 1.9 29.4 28.4 3
Allium  ampeloprasum var. porrum Leek 8-2 20/8-28/2 2 61 0 417.8 6.3 10.0 0.2 18.1 13.6 3
Allium  cepa var. cepa Onion 9 15/9-30/9 2 106 15 502.2 64.1 5.0 1.6 16.4 8.1 2
Allium  cepa var. ascalonicum Shallot (clove) 9 10/9-30/9 1 106 377.5 6.2 8.7 1
Allium  cepa var. ascalonicum Shallot (clove + leaves) 9-1 1/9-21/1 3 73 3 354.2 5.6 5.8 1.4 7.8 4.0 3
Allium  ﬁstulosum Welsh onion 1-12 1/1-31/12 2 39 8 496.5 84.9 14.0 1.0 6.0 6.0 4
Allium  sativum Garlic 9 10/9-25/9 1 121 254.6 5.4 4.8 1
Malvaceae
Corchorus olitorius Tossa jute 2-3 1/2-31/3 2 167 46 296.6 71.6 10.9 1.7 4.0 4.0 4
Poaceae
Zea  mays var. rugosa Sweet corn 4-9 1/4-30/9 5 80 4 250.4 59.1 5.2 0.5 21.6 6.3 3
Solanaceae
Capsicum annuum Chili 8 -9 20/8-30/9 1 121 198.8 6.2 23.0 3
Capsicum annuum Sweet pepper 1 15/1-31/1 1 155 761.6 4.7 79.8 3
Capsicum annuum Sweet pepper 8-9 20/8-30/9 1 277 1071.0 5.5 124.2 3
Solanum lycopersicum Tomato 8-2 20/8-15/2 13 129 12 338.4 137.8 3.8 0.4 18.2 6.5 3
Solanum melongena Eggplant 2-3 1/2-31/3 3 242 16 225.6 28.4 6.4 0.5 52.4 11.6 3
Solanum melongena Eggplant 5-6 20/5-30/6 3 133 22 119.0 46.3 5.8 1.3 15.4 7.0 3
Solanum melongena Eggplant 10 1/10-30/10 1 214 135.8 7.0 7.9 3
Solanum undatum Pickle 2-3 1/2-31/3 4 180 15 328.7 22.1 7.6 0.3 44.0 8.5 3
Solanum undatum Pickle 6 1/6-30/6 1 175 374.6 9.2 26.7 3
Umbelliferae
Apium  graveolens Celery 9-4 1/9-30/4 3 45 1 298.5 175.9 11.2 0.5 73.6 53.9 3
Coriandrum sativum Coriander 4-8 1/4-31/8 9 54 2 1092.3 95.6 16.1 0.3 11.4 1.8 5
Coriandrum sativum Coriander 9-3 1/9-31/3 10 53 2 828.0 59.1 16.6 0.3 9.0 1.6 5
Foeniculum vulgare Fennel 4-8 1/4-31/8 7 46 3 454.1 46.3 14.1 0.6 11.7 3.5 4
Foeniculum vulgare Fennel 9-3 1/9-31/3 7 46 3 249.1 47.4 13.9 0.5 0.0 0.0 4
Average 91 390.8 8.1 25.7
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Fig. 3. Frequency distribution for proﬁt, labour requirement, pesticide use, crop g
rackets denote Standard Error).
se and a growth duration of 30 to 120 days. The most frequent
erishability class was class 3.
The most signiﬁcant relationships found between variables as
ased on the individual data, were those between labour and proﬁt
nd between growth duration and labour, although the percent-
ge variance accounted for was low (Fig. 4). Crops that required a
igher amount of labour invested per growing day brought a higher
roﬁt. Crops that had a long growth duration required less labour
er growing day. Other relationships between variables were sig-
iﬁcant, but percentages variance accounted for were very low.
ig. 4. Regressions between proﬁt, labour requirement, pesticide use and crop growth du duration and perishability class of the 360 individual data sets (values between
Pesticide use tended to go up with an increase in growth duration
and proﬁt seemed to be positively related to pesticide use, but the
signiﬁcance of the regressions was  brought about by a few crops
only.
With the data averaged per planting period the normality of the
variable frequency distributions increased, as skewness and kur-
tosis of the averaged data were reduced as compared to those of
the individual data (Fig. 5). With these data proﬁts ranged mostly
between 100 and 500 kVND/ha/Gday and labour requirements
were still mostly between 3 and 9 days/ha/Gday.
ration of the 360 individual data sets (Radj2 = percentage variance accounted for).
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enote  Standard Error).
The relationships found in the individual data set between
abour and proﬁt and between growth duration and labour were
aintained in the data averaged per planting period. Proﬁt was
ositively related to labour requirement, while labour requirement
ecreased with growth duration. (Fig. 6). The validity of the other
egressions between variables based on these data was  comparable
o those as based on the individual data set. The similarity of the
Fig. 6. Regressions between proﬁt, labour requirement, pesticide use and crop growthuration and perishability class of the 68 planting periods (values between brackets
relationships in the individual data set and in the data averaged per
planting period, supports the correctness of the estimation of the
planting periods.With wax gourd, planting date signiﬁcantly inﬂuenced the dura-
tion of growth in the ﬁeld (Fig. 7). The duration of growth of wax
gourd planted in the hot season (day 121-273) was  considerably
shorter than that of a crop planted in the cool season (day 274-120).
 duration of the 68 planting periods (Radj2 = percentage variance accounted for).
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2 = percentage variance accounted for).
. Discussion
Although the sites from where the data were collected, were
ocated mainly near Hanoi, and thereby were not distributed
niformly across the RRD, the data are still considered represen-
ative for vegetable production in the whole of the RRD. Soil and
limatic conditions of the lowland area of the RRD are quite iden-
ical. We surmise that there are no restrictions in soil and climate
onditions for growing all the vegetables in Table 4.
The results show that high proﬁts are associated with a high
abour input per growing day. Short growth duration crops tend
o have a higher labour requirement per growing day. If labour is
imited, farmers can balance between labour and proﬁt and use the
ncome per labour day to reach a decision.
Pesticide use was positively related to growth duration and
roﬁt, but the percentage variance accounted for was  very low.
ne crop, sweet pepper, grown in August–September, had a large
nﬂuence on the signiﬁcance of the regressions.
Crops with a short growth duration required more labour per
a per growing day than crops with a long growth duration. This
s because labour for land preparation, planting and harvesting
omprises a high proportion of labour invested in vegetable pro-
uction with short duration crops. For example, radish (Raphanus
ativus) with a growth duration of 46 days required a labour input
f 9.5 day/ha/Gday, whereas broccoli (Brassica oleracea var. ital-
ca) with a growth duration of 96 days required a labour input of
.2 day/ha/Gday (Table 4). The percentage of labour input for land
reparation, planting and harvesting was 53 for radish and 33 for
roccoli.
The variables proﬁt and labour requirement were calculated
er hectare per day. The average landholding in the RRD is
00 m2/capita and the average size of a household was  3.81
apita/household in 2006 [2], so that each household owned 2700
2 of land on average. If a family in the rural areas of the RRD
rows vegetables year-round on 1000 m2, with an average proﬁt
f 390 kVND/ha/Gday (Table 4), vegetable production in the RRD
n 1000 m2 can bring an income of 1200 kVND/month/household.
ith an average labour requirement of 8.1 day/ha/Gday, this means
 labour input of 0.8 day/1000 m2/Gday. A family with two adults
an easily meet this requirement and the income from vegetable
roduction would be considerably above the average income of
70 kVND/capita/month in the RRD in 2006. It should be noted,
owever, that 670 kVND is an average. In general the income per
apita in urban areas is double that of rural areas.
Variables characterising vegetable production: proﬁt, labour
equirement and the costs of pesticides used, were calculated in
VND per hectare per growing day. In this way  it is possible tonal of Life Sciences 67 (2013) 37– 46 45
compare the proﬁt, labour requirement and the costs of pesticides
used for different crops, independent of the growth duration of
the crops. With the small landholding of 700 m2/capita [14], farm-
ers grow vegetable crops intensively in the RRD. Therefore, with
these variables, the duration of vegetable cropping systems can
be counted in days, enabling the design of year-round cropping
systems based on planting date and crop growth duration. The cal-
culation differed from calculations of previous research in which
the variables were calculated per ha per year or per ha per crop
[17,18], limiting the comparison between crops at the same unit of
time.
The range of variation in the variables, and consequently the low
percentage of the data that ﬁtted the signiﬁcant regressions, reﬂect
the enormous diversity in vegetable crops and cropping conditions
in the RRD [3], but is also indicative of the opportunities to design
new, innovative cropping systems.
The growth duration of crops can be signiﬁcantly related to
planting date, as shown with wax  gourd. Apparently higher tem-
peratures result in faster development, coupled with a higher
radiation, this results in a shorter growing period [19].
After a multidisciplinary analysis of factors currently inﬂuencing
vegetable production in the RRD, it was  concluded that espe-
cially the small landholdings and the extremely small plots form
a barrier to development of vegetable production, because they
result in small amounts of product, limiting effective marketing
[3]. A potential pathway to sustainable development would be the
development of permanent vegetable production systems, with
producers operating in producer’s organisations, with production
and marketing integrated in a vegetable value chain. The present
study shows that based on current production and proﬁt levels,
permanent vegetable production has the potential to be proﬁtable,
while increased labour demand could likely be fulﬁlled by the fam-
ily household. Using the present data set with a newly developed
model for designing permanent vegetable production systems, it
was shown that, using various production scenario’s, such as high
proﬁtability, low labour demand and high crop biodiversity, per-
manent vegetable production appeared to be a realistic option for
the development of the vegetable production sector in the RRD [20].
5. Conclusions
The majority of vegetables grown in the RRD provided a proﬁt
between 100 and 400 kVND/ha/Gday, required a labour input from
3 to 9 day/ha/Gday and had a growth duration between 30 and 120
days. The costs of pesticide use ranged mostly between 0 and 40
kVND/ha/Gday. Most products were classiﬁed as having a transport
and shelf life of up to four days. The presence of data sets with
negative proﬁt, illustrates the risks in vegetable production.
In general, crops with a high proﬁt and short growth duration
required more labour per growing day. The data show that per-
manent vegetable production has the potential to contribute to
poverty alleviation in rural areas by substantially increasing house-
hold income.
The growth duration of crops grown year-round may  be inﬂu-
enced by the planting date. Planting in the hot summer season may
result in a shorter growing period.
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Table A1
Planting dates (bold numbers) deﬁned as the number of days to the ﬁrst nitrogen (N) or phosphate (P) application (lowest SE chosen) for ﬁve crops of VEGSYS project data
(VEGSYS, 2005).
Crop, planting period (m-m) Days to the ﬁrst N application Days to the ﬁrst P application
n  Median SE n Median SE
Cauliﬂower 10-12 8 11 2.4 4 0 4.7
French bean 9-12 2 13 2.5
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nnex 1. Details of methodology to assess the duration of
rowth of the crop based on course data in the VEGSYS data
et.
To be able to calculate the duration of growth of the crops in
ase the planting date and the last harvest date were recorded as
onths only (e.g. as ‘January’), in decreasing order the following
ules were applied:
Planting date:
i) Based on the date of ﬁrst application of urea (N) or single super
phosphate (P). Median and Standard Error (SE) of the duration
from planting date to the date of the ﬁrst application of N or P
were calculated from the sheets with complete records of those
dates. The planting date was deﬁned as based on the number
of days before the ﬁrst N or P application with the lowest SE
(Table A1).
ii) In case, in the month of planting, the ﬁrst application of N or P
was recorded as month and the ﬁrst time of other activities was
recorded as date, the planting date was deﬁned as the date at
the middle of the period from the ﬁrst of the month to the day
before the ﬁrst recorded activity, but at least ﬁve days before
the ﬁrst application of N.
ii) In case the ﬁrst time of all activities was recorded as month or as
date after the month of planting, the planting date was  deﬁned
as the date of the middle of the month of planting.
Harvest date:
i) When with multiple harvests the last harvest was recorded as
month, the last harvesting date was deﬁned as the date of the
middle of the period from the last recorded harvest date to the
end of the month.
i) In case harvests were recorded as months only, the last harvest
date was deﬁned as the middle of the month, but at least 5 days
after the last pesticide application.eferences
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